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BACKGROUND
The NASA Digital Astronaut Project (DAP) develops and 
implements well-vetted computational models to predict and 
assess spaceflight health and performance risks and enhance 
countermeasure development
DAP performs computational modeling in the following areas:
• Biomechanical modeling of spaceflight exercise devices
• Changes in bone mineral density and bone fracture probability
• Muscle atrophy and changes in muscle performance
• A lumped-parameter model of the cardiovascular system
• Ocular modeling of the visual impairment and intracranial 
pressure syndrome
BIOMECHANICAL MODELS
MUSCULOSKELETAL MODELING CARDIOVASCULAR MODELING
REFERENCES
Biomechanical modeling is used to inform exercise device 
requirements and validation for exploration class vehicles [1,2]
Biomechanical data collected on Earth and in microgravity during 
parabolic flight are used as input to the biomechanical models
Joint torques and muscle 
forces are values that 
cannot be measured 
empirically and are 
therefore calculated  
with these models
Predictions of pre-, in- and post-flight bone fracture probability 
inform spaceflight bone fracture risk and drive countermeasure 
requirements [5]
A key element of the bone 
physiology model is prediction 
of changes in volumetric bone 
mineral density during disuse 
deconditioning and resulting 
from mechanical stimulus [3,4]
The bone models rely on pre- and post-flight astronaut bone 
mineral density measurements for model validation
A lumped-parameter 
cardiovascular model, 
based on an existing model 
[6], calculates 
compartment volumes, 
pressures and blood flows 
resulting from a change in 
volume or posture and are 
used as initial values and 
boundary conditions 
within ocular models [7,8] 
A four-compartment model of the eye 
quantifies volume, pressure and 
aqueous flow changes in the eye during 
gravitational changes [7]. Cardiovascular 
and ocular modeling are used to inform 
hypotheses about the visual impairment 
and intracranial pressure syndrome 
observed as a result of spaceflight. 
Integration of biomechanical models with bone and muscle space 
physiology models will allow for prediction of countermeasure 
efficacy
 O ELI G
OCULAR MODELING
This modeling relies on pre- and post-
flight ocular imaging for model 
development and validation [9]
1. Thompson W. K. et al., Digital Astronaut Project Biomechanical Models, NASA/TM-
2015-218852.
2. Thompson W. K. et al., ARED Squat Model - Integrated (ASM-i), Internal Report, NASA 
GRC 2012.
3. Pennline J. A., Simulating bone loss in microgravity using mathematical formulations of 
bone remodeling, NASA/TM-2009-215824
4. Pennline J. A., DAP Model of Bone Remodeling: Initial Application to Bone Response in 
the Femoral Neck from Mechanical Loading, Internal Report, NASA GRC 2014.
5. Nelson E. S. et al., Development and validation of a predictive bone fracture risk 
model for astronauts, Ann Biomed Eng, 37(11), 2009, 2337-59.
6. Lakin W. D. et al., A whole-body mathematical model for intracranial pressure 
dynamics, J Math Biol, 46, 2003, 347-83.
7. Nelson E. S. et al., A model of ocular hemodynamics and intraocular pressure during 
acute gravitational changes, submitted to J R Soc Interface
8. Feola A. J. et al., Finite element modeling of factors influencing optic nerve head 
deformation due to intracranial pressure, IOVS, 57(4), 2016, 1902-11.
9. Kramer L. A. et al., Orbital and intracranial effects of microgravity: 3T MRI findings, 
Radiology, 263(3), 2012, 819-27.
NASA Digital Astronaut Project Team: K Gilkey, NASA GRC; J DeWitt, Wyle Science, Technology and Engineering Group; J Myers, NASA GRC; E Nelson, NASA GRC;  J Pennline, NASA GRC; 
W Thompson, NASA GRC; C Gallo, NASA GRC; D Munster, NASA GRC; O Gad, NASA GRC; K Jagodnik, Baylor College of Medicine;  B Humphreys, ZIN Technologies Inc; C Werner, ZIN 
Technologies Inc; A Godfrey, ZIN Technologies Inc
https://ntrs.nasa.gov/search.jsp?R=20170007202 2019-08-31T06:56:02+00:00Z
